Adenosine 3',5'-monophosphate analogs and beta-adrenergic agonists induce the synthesis of the major surfactant apoprotein in human fetal lung in vitro.
The use of beta-adrenergic agonists in the treatment of preterm labor has been found to be associated with a decreased incidence of respiratory distress syndrome (RDS) in premature newborns. beta-Sympathomimetic agents, which activate adenylate cyclase and increase tissue cAMP levels, as well as cAMP analogs stimulate surfactant glycerophospholipid synthesis and secretion by fetal lung tissue. In the present study, we used antibodies directed against the major human pulmonary surfactant apoprotein, a 35,000-dalton glycoprotein, to evaluate the effects of the cAMP analog dibutyryl cAMP (Bt2cAMP) and the beta-adrenergic agonist terbutaline on surfactant apoprotein synthesis in human fetal lung explants in organ culture. By use of immunoblot analysis, we found that Bt2cAMP (1 mM) markedly stimulated accumulation of the major surfactant apoprotein in human fetal lung explants, as did terbutaline. Bt2cAMP treatment also increased the relative rate of incorporation of [35S]methionine into the major surfactant apoprotein. The Bt2cAMP-induced increase in surfactant apoprotein synthesis and accumulation was associated with an increase in the levels of translatable surfactant apoprotein mRNA. Morphometric analysis at both the light and electron microscopic levels was used to evaluate the effects of Bt2cAMP on the morphology of the human fetal lung in vitro. After 48-h incubation with Bt2cAMP, the prealveolar ducts of the fetal lung explants were enlarged greatly, and the relative amount of interalveolar connective tissue was reduced compared to those in control tissues. The volume density of type II cells in the Bt2cAMP-treated explants was significantly greater than that in control explants at this time point; however, after 4 and 6 days of incubation, the volume density of type II cells in control and Bt2cAMP-treated tissues was similar, and the lumina of the prealveolar ducts of control tissues had a volume density similar to that of Bt2cAMP-treated explants. Bt2cAMP also had pronounced effects on the ultrastructural morphology of the human fetal lung explants. Large quantities of secreted lamellar bodies and tubular myelin were observed in the lumina of the prealveolar ducts of the Bt2cAMP-treated tissue. Few lamellar bodies and no tubular myelin were observed in the lumina of the prealveolar ducts of control tissues. These findings suggest that cAMP may serve an important regulatory role in the synthesis and secretion of the major surfactant apoprotein by human fetal lung.